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Abstract of JP1 028251 4 

PROBLEM TO BE SOLVED: To enhance 
visibility while reducing reflection by forming an 
electrode by laminating light reflective metal on 
an insulated resin layer having a fine uneven 
shape. 

SOLUTION: This liquid crystal display device 
10 has two substrates 10a and 10b opposed to 
each other. The electrode 1 3a is provided on 
the side of a substrate surface opposed to the 
substrate 10a. Also, an alignment layer 14a is 
formed on the electrode 13a. On the other 
hand, the electrode 13b is formed on the side 
of the substrate surface opposed to the 
substrate 10b so as to be orthogonal with the 
electrode 13a, and also the oriented film 14b is 
formed on the electrode 13b. Though the 
electrode 13b at the substrate 10b on the side 
of an observer is formed of a transparent 
electrode, the electrode 13a on the side of the 
substrate 1 0a is formed of reflective 
conductive metal so as to enhance a reflection 
effect. Then, the electrode 13a is provided 
through the insulated layer 12 having the fine 
uneven shape on a surface. The electrode 13a 
is formed into a thin layer whose thickness is 
<=1 &mu m of sputtering or the like, so that the 
electrode 13a where the fine uneven shape is 
reproduced under an electrode layer is formed. 
Thus, the mirror-like reflection of an object on 
the side of the observer is prevented. 
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[DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] REFLECTION-TYPE LIQUID . CRYSTAL 
DISPLAY APPARATUS AND METHOD OF FABRICATING THE SAME 

[CLAIMS] 

[Claim 1] A reflection-type liquid crystal displav 
apparatus comprising: piay 
a flat, smooth substrate; and 

reflective electrodes on the flat, smooth substrate 
.^i ! reflectlve electrodes being formed by depositing a 

appara^clplisl?:"^ 10 "' 1 ^ UqUid d ^ 
a substrate; 

TFTs formed on the substrate; and 

reflective electrodes on the substrate, 

the reflective electrodes being formed by depositina a 

ir^SStS* 1 ° n ^ inSUlatin3 ^ HavC^?/ 

[Claim 3] The reflection-type liquid crystal displav 
apparatus of claims 1 or 2, wherein a difference in height 
between ridges and valleys of the minute irregularities is in 
a range of 0.4 um to 10 um. S 1S ln 

[Claim 4] A method of fabricating a reflection-type 
liquid crystal display apparatus comprising a flat smooth 

uStrat: T h eleCtrodes °" the'flat, sLot* 

substrate, the method comprising the steps of- 

the sub°stra n te; an inSUlat±ng ' Photosensitive resin layer on 

drying the photosensitive resin layer and thereafter 
exposing the dried photosensitive resin layer to llghf 
through a transparent material having minute irregularities- 

subjecting the exposed photosensitive resin layer to ^ 
r^in^ver'trr 5 deVSl ° Ped P^tosenfitive 

Irregularities ^ layer havi ^ min ^e 

irregularities on the surface thereof; and 

depositing a reflective metal on the insulating resin 
layer having the minute irregularities. ■ La tmg resin 

[Claim 5] A method of fabricating a ref lection-tvoe 
liquid crystal display apparatus comprising a substrate TFTs 

"at" "tL 5 ^^ refl «*ive ele'ctr^es on the S 

substrate, the method comprising the steps of- 

the suprtrfte;" inSUlating ' Photosensitive resin layer on 

drying the photosensitive resin layer and thereafter 
exposing the dried photosensitive resin layer to l?gn? 
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through a transparent material having minute irregularities; 

exposing the photosensitive resin layer to light 
through a photomask provided with a pattern of contact holes; 

subjecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer to form an insulating resin layer having minute 
irregularities on the surface thereof; and 

depositing a reflective metal on the insulating resin 
layer having the minute irregularities. 

[Claim 6] The method of fabricating a reflection-type 
liquid crystal display apparatus of claim 4 or 5, wherein the 
transparent material having minute irregularities is a qround 
glass plate. 

[Claim 7] The method of fabricating a reflection-type 
liquid crystal display apparatus of any one of claims 4 to 6, 
wherein a difference in height between ridges and valleys of' 
the minute irregularities is in a range of 0 . 4 um to 10 urn. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field to which the invention belongs] 

The present invention relates to a reflection-type 
liquid crystal display apparatus and a method of fabricating 
the same. More particularly, the present invention relates to 
a reflection-type liquid crystal display apparatus suitable 
for use as a display unit for OA apparatus including note- 
size lap top personal computers and word processors, video 
apparatus including pocketable television sets, and game 
machines, and a method of fabricating the same 

[0002] 

[Prior art] 

The application of liquid crystal display apparatuses 
to pocketable liquid crystal television sets, lap top 
personal computers and word processors has rapidly developed 
in recent years. Particularly, reflection-type liquid crystal 
display apparatuses, which reflect incident external light to 
display images, are being watched with keen interest because 
reflection-type liquid crystal display apparatuses do not 
need any backlight unit, are capable of operating at a low 
power consumption rate and of being powered by batteries; and 
are thin and of lightweight. 

[0003] 

Generally known reflection-type liquid crystal display 
apparatuses are TN liquid crystal display apparatuses in 
which a liquid crystal is driven in a twisted nematic (TN) 
mode, and STN liquid crystal display apparatuses in which a 
liquid crystal is driven in a super twisted nematic (STN) 
mode. The TN liquid crystal display apparatus displays 
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monochromatic images by using the optical properties of a 
liquid crystal display element, namely, an optical?! ILL 
characteristic which is exhibited when no voltage is aTlTj 
thereto and a polarization canceling characteristic wh?S 
exhibited when a voltage is applied'thereto ^he^ore 
amorphous chiral nematic guest-host liauirf r™«* i • u®' 
dichromatic dye is added ?o a Uguid cry ta Hind * 

controf tT ° fthe li<?Uid CryStal iS Strolled Sy vottage to 
control the orientation of the dichromatic dye for disolavina 
images 1 s also known. A liquid crystal display apparatus 1 

pSe° yi a n n g d S h U a C s 3 h iq H Ui f CryStal d ° eS nSed an/polarizing 

[0004] 1UMnanCe 3nd a wide dewing angle. 

A color liquid crystal display has a liquid crystal 
display element provided with an R-, a G _ and q a tf?lt er 
therein, and displays multicolor or full-color images by 

and T, Ug ^ ? PtiCal Switchi ^ characteristic and by adding 
and mixing colors. Currently, TN reflection-type liquid 

crvs S t a i ^ y - apPmtma are Sm P loved ^ potable" "quid 
crystal television sets, namely, pocketable liquid crystal 
television sets, driven in an active matrix driving mode" or a 
passive matrix driving mode. 9 3 

[0005] 

FIG. 8 is a view showing a structure of. a conventional 
monochromatic reflection-type liquid crystal dismay 
apparatus In Fig. 8, a liquid crystal display apparatus 20 

each ^e g r aSS On SU t b he trateS ?°* 20b diSP ° Sed o^ite 'to" 

electroSn"?^ • tv. PP ° Slng SUrfaCe ° f the su ^trate 20a, 
electrodes 23a in the pattern of stripes, which form pixels 
are provided on an insulating layer. 22, and an" aS^len? m m 

formed fnTh ^ thSSe elements ' C °-ter electrode's 23b are 
formed on^the opposing surface of the substrate 20b in the 

ele'ctrSdel ll?^ S° eXtMd Wndicularly to tL 
electrodes 23a, and an alignment film 24b is formed on the 

the ubst^teToo 23b - ^ C ° Unter el ^rodes 2 3b "formed G n 

I 6 s ^ bstrate 20b on a viewer side are transparent electrodes 
and the electrodes 23a formed on the substrate 20a are formed 
tL f ? 7 C ° nductive »«tal to improve reflection effect 
The electrodes of the substrates 20a and 20b are scanned in', 

^""[OoTer' driVing t0 diSplay ^ Uid cr e y S S t C aTSage s a 

FIG. 9 is a view showing a structure of a conventional 
monochromatic reflection-type liquid crystal display 
apparatus using TFTs . In Fig. 9, a liquid crystal display 
apparatus 20 has two glass substrates loa and"^ 20b disposed 

substrate 2°0a ea t h Othe , r -i ° n ° PP ° Sing SUrfaCe of th * 

substrate 20a thm-film transistors (TFTs) 21 and electrodes 

23a arranged in a matrix form, which form pixels are forld 

su^tra^r^^ i 9 '^ 22 ° n thS ° PPOSi ^ "- fa - of the 

events A olan alignn l ent fUm 24a is formed <>" these 

elements. A planar common electrode 23b is formed on the 
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opposing surface of the substrate 20b, and an alignment film 

elec^J^H T *> COTm ° n electrode 23 b- The common 
fo™^ J ? ° n thS subst "te 20b on a viewer side is 

formed of a transparent electrode, and the electrodes 23a on 
the substrate 20a are formed of a reflective conductive metl 
to improve reflection effect. ^xve metal 

[0007] 

The electrode substrate 20a and the counter substrate 
20b are spaced a predetermined distance apart by a spacer 

cSaSwivH 2^ ^ f H° rm 3 SPaCS thereb6tWeen ' ™d - liquid 
crystal layer 25, such as a guest-host liquid crystal, is 

filled m the space between the alignment films, and the 

peripheral parts of both the glass substrates are sealed by a 

sealing material 26. The conventional reflection-type liq^d 

crystal display element is provided on its back surface with 

a reflecting plate of a metal, such as an aluminum plate 

having a surface finished by grinding to provide an 

appropriate light scattering property or a reflecting plate 

formed by depositing a metal, such as aluminum, by 

evaporation on a roughened surface of a base plate to provide 

the roughened surface with an appropriate light scattering 

property to secure a wide visual angle. Usually, the 

reflecting plate attached to the back surface of the element 

8%nf r H mit ^ d lf reflective electrodes are employed figs 
l™J t Sh ° W the reflection-type liquid crystal display 
apparatus in such case. y 

[0008] 

[Problems that the invention is to solve] 

r. <- * n Jr he /° regoing conventional reflection-type liquid 
crystal display apparatus arises such a problem Sat If the 
electrodes 23a are formed -of a reflective metal, since the 
surfaces of the electrodes have mirror surfaces matters on a 
viewer side are reflected and cause a specular reflection and 

Acc^dLSv ViS ^ lity ° f ^ ^ ^isjlay is deteriorated 
Accordingly m the invention, it is conceived and achieved 
to improve the visibility of a reflection-type liquid crystal 
display apparatus provided with electrodes which are 
reflective type, by forming and providing minute 
irregularities on the surface of the electrode so as to 
suppress the reflection of the matters 
[0009] 

[Means of solving the problems] 

for ' f COrd i" g ^ a first as Pect of the present invention 
for solving the above-mentioned problem, a reflection-type 
liquid crystal display apparatus comprises a flat, smooth 
substrate, and reflective electrodes on the flat, smooth 
substrate, the reflective electrodes being formed by 
depositing a reflective metal on an insulating resin layer 
having minute irregularities. With such a liquid crystal 
display apparatus it is possible to obtain a display 
apparatus of high visibility. 
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[0010] 

According to a second aspect of the present invention 
a reflection-type liquid crystal display apparatus comprises 
a substrate, TFTs formed on the substrate, and reflective 
electrodes on the substrate, the reflective electrodes being 
fomed by depositing a reflective metal on an insulating 9 
arl.L] T r minUte irre g^arities. With such a liquid 

crystal display apparatus it is possible to obtain a display 
apparatus of high visibility aisplay 

[0011] 

According to a third aspect of the present invention 
a method of fabricating a reflection-type liquid crystal 
display apparatus comprising a flat, smooth substrate and 
reflective electrodes on the flat, smooth substrate 

?eT»Tal?LT h PS °t 5° rming an insulati ^ photosensitive 
resin layer on the substrate, drying the photosensitive resin 

lay" to lianrtT" ^ P hot °-nsitive reTn 

layer to light through a transparent material having minute 

i™^T;::;i au ^ 3ecting the exposed ™s 

a developing process and drying the developed 
photosensitive resin layer to form an insulating reSin layer 
having minute irregularities on the surface thereof, and 
depositing a reflective metal on the insulating resin layer 
having the minute irregularities. In such a method of 
fabricating a liquid crystal display apparatus, it is 
??sibn!ty° SaSilY fabriCate 3 dis P la V apparatus of high 
[0012] 

According to a fourth aspect of the present invention 
a method of fabricating a reflection-type liquid crystal 

S a V PPar f US comprising a substrate, TFTs formed on the 
substrate, and reflective electrodes on the substrate 

TeTnT^L^T °l t^* 9 insul *ting, photosensitive 
resin layer on the substrate; drying the photosensitive resin 

lianV r T 6 T Sing dri6d P^tosensitive resin layer to 

light through a transparent material having minute 

Hnh? U J? riti ! S ' eXp ° sin 5 the Photosensitive resin layer to 
light through a photomask provided with a pattern of contact 
holes, sub D ecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer to form an insulating resin layer having minute 
irregularities on the surface thereof, and depositing a 
reflective metal on the insulating resin layer having the 
minute irregularities. In such a method of fabricating the 
liquid crystal apparatus, it is possible to readily fabricate 
a display apparatus of high visibility using TFTs. 

[0013] 

[Embodiment of the invention] 

accorHt^ 16 ^ 0 "" 1 ^ 6 liqUid Cr y stal display apparatus 
according to the invention is characterized in that 
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electrodes on the opposite side of a viewer are formed of a 
conducive reflective metal material and particular!? a Lyer 
of the metal material i s formed as a thin film on an 
insulating resin material having minute irregularities which 
is disposed between the substrate and the me?al material 

Sape :f e ; h ; he ^ matSrial layer "P^uce. faithfully the 
shape of the irregularities of the insulating material on the 
surface thereof. Consequently, incident light from a viewer 
side is reflected irregularly and scattered, so that the 
reflection of external matters in the reflection-type liquid 
crystal display apparatus is suppressed. Reflection-type 
liquid crystal display apparatuses embodying the present 
invention and method of fabricating those liquid crystal 
display apparatuses will be described hereafter with 
reference to the accompanying drawings. 
[0014] 

FIG. 1 is a view showing a reflection-type liquid 
crystal display apparatus according to a first embodiment of 
the invention. In FIG. 1, a reflection-type liquid crystal 
display panel 10 comprises two glass substrates 10a and 10b 
disposed opposite to each other, electrodes 13a formed in the 

rtl k f I r ^ SS dis P° sed on th e opposing surface of 

the substrate 10a, and an alignment film 14a is formed on 
these elements. Counter electrodes 13b are formed on the 
counter substrate side surface of the substrate 10b in the 
pattern of stripes perpendicular to pixelelectrodes 13a, and 
an alignment film 14b is formed on the counter electrodes 13b 
The electrodes 13b on the viewer side substrate 10b are 
transparent electrodes. The pixel electrodes 13a on the 
substrate 10a are formed of a reflective conductive metal for 
effective reflection. Although dependent on the size of the 
panel and the number of pixels, the pitch of those electrodes 
usually is on the order of 200 urn 
[0015] 

In the reflection type liquid crystal display apparatus 
according to the present invention, it is characterized in 
that the electrodes 13a are disposed via insulating layer 12 
having minute irregularities on the surface thereof. Since 
the electrodes 13a are formed in a thin film by sputtering or 
the like in a small thickness of 1 urn or below, the shape of 
the surface of the electrodes conforms to the irregular 
surface of the insulating layer underlying the electrodes are 
formed Since the surface of the electrodes have minutely 
irregular surfaces, it has an effect such that external 
matters of a viewer side do not reflect specularly The 
above-mentioned language "minute irregularities" means that 
irregularities capable of preventing the deterioration of the 
visibility of images displayed on the liquid crystal display 
apparatus by the specular reflection of external matters in 
the liquid crystal display apparatus. However, since the 
irregularities are dependent on the thickness of a liquid 
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Cr ^K 3 \ ySr 15 ' thS thickness of the insulating layer, the 
width of the electrodes 13a and the like, the magnitudes of 
the irregularities cannot be optionally determined. Usually, 
the thickness of the liquid crystal layer 15 is 10 urn or 
below and is in the range of 1 to 2 urn if the liquid crystal 
layer 15 is formed of a ferroelectric liquid crystal. Since 
the thickness of the insulating layer 12 is on the order of 
several micrometers, the height between ridges and valleys of 

^nn^ re ^i arit:ieS ±S 10 m at the maxi *ium to the wavelengths 
(400 to 750 nm) of visible radiations at the minimum. 
[0016] 

FIG. 2 shows a reflection-type liquid crystal display 
apparatus in a second embodiment according to the present 
invention. In FIG. 2, a reflection-type liquid crystal 
display apparatus 10 comprises two glass substrates 10a and 
10b disposed opposite to each other, TFTs 11 applying voltage 
on liquid crystal and electrodes 13a are provided on the 
opposing surface of the substrate 10a, and an alignment film 
14a is formed on these elements. A flat common electrode 13b 
is formed on the opposing surface of the substrate 10b, and 
an alignment film 14b is formed on the common electrode 13b 
The common electrode 13b on the viewer side substrate 10b is 
formed of a transparent material. The pixel electrodes 13a of 
the substrate 10a are formed of a reflective conductive metal 
for effective reflection. In the reflection-type liquid 
crystal display apparatus in the second embodiment, it is 
characterized in that the electrodes 13a are provided via the 
insulating layer 12 having minute irregularities on the 
surface thereof. A method of forming the electrodes 13a and 
the magnitudes of minute irregularities formed on the 
surfaces of the electrodes 13a and so on are the same as 
those m the reflection-type liquid crystal display panel in 
the first embodiment. 

[0017] 

• The insulating layer 12 insulates the pixel electrodes 

13a from each other and there is no particular restriction on 
material for forming the insulating layer 12. However, it is 
desirable that a simple process can be available, because the 
minute irregularities must be formed on the surface of the 
insulating layer . Usually, a positive photosensitive resin 
which exhibits an insulating property when dried is a 
suitable material. If the minute irregularities are formed by 
a mechanical means, such as sandblasting, the insulating 
layer 12 need not be formed of a photosensitive material, but 
may be formed of an ordinary insulating material, such as a 
polymeric material or silicon dioxide. The glass substrates 
10a and 10b are spaced a predetermined distance apart by a 
spacer and a liquid crystal layer 15 is filled in a space 
between the alignment films , and peripheral parts of both 
glass substrates are sealed by a sealing material 16 
[0018] 
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FIG. 5 is a view showing a contact hole portion of the 
reflection-type liquid crystal display panel in the Second 

thereof, and FIG 5(B) is a plain view thereof. A cross- 

5^ 10n Tn C0 ^ ide , ring A J A line in FIG - 5(B) is shown ^ FIG. 
5 (A) . m FIG. 5, each of the TFTs 11 formed on the substrate 

rltrlVTlT^ ° f . " inSulatin 5 ^yer 112 of silicon 
t* i ' 3 Semiconductor la yer 113 of amorphous silicon 

which" ' 9 3 eleCtrode 111 *nd a source electrode 116 

TleltrlZ ??; n6Cted , t0 / heSe 6lements ' and ^rther a drain 
electrode 115 connected to the display electrode 13a is also 

IZTi h S i r, lly ' ^ g3te elect - d es 111 and the source 
electrode 116 are formed perpendicularly to each other so as 
to form a matrix on the substrate. In the reflection-type 
liquid crystal display apparatus according to the second 
embodiment of the invention, in order to connect pixel 
electrodes 13a to the drain electrodes 115, it is necessarv 
t0 ^ToOlT^ h ° leS 30 in insul *ting layer 12 Y 

FIG. 6 is a perspective view showing a contact hole 
portion of the reflection-type liquid crystal display 
apparatus according to the second embodiment of the present 
invention. Fig. 6 explicitly shows a state where electrode 
13a is connected through the contact hole 30 formed in the 
insulating layer 12 to the drain electrode 115. The electrode 
13a has a surface of a shape conforming to the minute 
irregularities formed in the surface of the insulating layer 
12 to reflect incident light rays I f rom a viewer side 
irregularly Preferably, as the liquid crystal layer 15 a 

c^LrrpoLcris 1 or a poiymer dispersi ° n V* 

[0020] 

rpfl ™' l is a vie " explaining steps of fabricating the 
reflection-type liquid crystal display apparatus according to 
the first embodiment of the present invention. At first as 
shown in FIG. 3(A), the substrate 10a which is to be a 
mav It r S e i eC ' r ° de sub ^rate is prepared. The substrate 10a 
a Lftt, " material in whic * the entire substrate has 

a reflective property. The substrate 10a must be formed of a 
transparent material if a reflecting material is to be fold 
on the opposing surface to a viewer side. Generally a flTt 
smooth glass material is used. The present invention is ' 
characterized by disposing the insulating layer of a resin 
material having a surface provided with the minute 
irregularities on the substrate and forming the reflective 
electrodes thereon. There are some possible methods of 
Jo3n g ^ 6 minUte irre 9 ulari ties . One of the methods of 
forming the minute irregularities comprises the steps of 
forming a positive photosensitive resin layer on a substrate 
prebaking and drying the positive photosensitive resin layer 
closely superposing a flat transparent material provided with 
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minute irregularities on the photosensitive resin layer, 
exposing the photosensitive resin layer to light through the 
flat transparent material to produce minute irregularities on 
the photosensitive resin layer. As the flat transparent 
material having a surface provided with minute irregularities 
a ground glass or a mat-finished plastic sheet may be used 
[0021] 

FIG. 3(B) shows a state where a positive photosensitive 
resin layer 12 is applied onto the substrate, and FIG 3(C) 
shows a step of exposing the photosensitive resin layer 12 to 
light emitted by a light source 19 through a flat transparent 
material 18 provided with minute irregularities. After the 
exposure process, the thus exposed positive photosensitive 
resin film is subjected to a developing step. Consequently 
portions of the positive photosensitive resin film exposed to 
light and dissolvable in a developer are removed and the 
minute irregularities 12m can remain on the surface of the 
positive photosensitive resin layer (FIG. 3(D)). In this 
exposure, the minute irregularities of the transparent 
material are not necessarily formed in exactly similar form 
in the photosensitive resin material. However, it is 
considered that ridges among the minute irregularities of the 
transparent material concentrate light rays and hence a 
solubilization of portions of the photosensitive resin film 
corresponding to the ridges among the minute irregularities 
is promoted, so that the minute irregularities are formed on 
the photosensitive resin layer in a shape substantially 
complementary to the minute irregularities of the transparent 
material. As the positive photosensitive resin material 
capable of being used for such a purpose, a mixture of a 
cresol novolac resin soluble in an alkaline solution and 
naphthoquinone azide, or photosensitive acrylic resins is 
usually used. More specifically, there is, for example,. OFPR- 
800, OFPR-5000, OFPR-8600, TSMR-8800 and TSMR-CRB 
commercially available from Tokyo Oka Kogyo K.K. of Japan 
and Optomer-PC302 commercially available from Japan Synthetic 
Rubber Co., Ltd. of Japan. 
[0022] 

Subsequently, a conductive metal material is disposed 
on the surface provided with the minute " irregularities 12m to 
form the electrodes 13a (FIG. 3(E)). Usually, a metal 
aluminum thin film is formed by using sputtering or the like 
The aluminum thin layer is formed in a thin film having a 
thickness such that the minute irregularities of the 
insulating layer are maintained (usually 1 urn or below) 
Therefore the shape of the surfaces of the electrodes almost 
conforms to the minute irregular surface of the insulating 
layer. After forming the electrode layer, in order to form a 
matrix circuit with the counter electrode, the conductive 
metal thin layer is patterned by an ordinary photoetching 
process to form the electrodes in the shape of stripes (FIG 
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3(F)). Accordingly, in FIG. 3(F), the electrodes 13a extend 
perpendicularly to the sheet of paper. 
[0023] 

The alignment films are formed on both of the 
reflective electrode substrate and the counter substrate the 
substrates are combined together and sealed around the 
periphery thereof, and a PDLC or a guest-host liquid crystal 
is filled in the space between the substrates to complete the 
reflection-type liquid crystal display apparatus (FIG 1) 

[0024] 

FIG. 4 is a view showing steps of fabricating the 
reflection-type liquid crystal display apparatus according to 
the second embodiment of the present invention. At first as 
shown in FIG . 4(A), the substrate 10a which is to be a ' 
reflective electrodes substrate is prepared. The substrate 
10a of the second embodiment, differing from the case of the 
first embodiment, is provided with TFTs 11 thereon. The 
substrate may be formed of a material in which the entire 
substrate has a reflective property. The substrate may be 
formed of transparent material if a reflective material is to 
be formed on the opposing surface to a viewer side. Generally, 
a flat, smooth glass plate is used. Similarly to those of 
the first embodiment, the insulating material layer having 
the minute irregularities isformed on the substrate and the 
reflective electrodes are formed thereon. The minute 
irregularities are formed by the same method as that employed 
in for ^| 5] the minute irregularities of the first embodiment. 

FIG. 4(B) shows a state where a positive photosensitive 
resin layer 12 is applied onto the substrate, and FIG. 4(C) 
shows a step of exposing the -photosensitive resin layer 12 to 
light by a light source 19 through a flat transparent 
material 18 provided with minute irregularities. Subsequently 
an exposure is performed by using the photomask 17 having a 
transparent contact hole pattern at positions corresponding 
to the TFTs, in order to form contact holes 30 for contacting 
to the drain electrode of TFTs on the surface of the 
electrode 13a (FIG 4(D)). After both exposures, the thus 
exposed positive photosensitive resin layer is subjected to a 
developing step. Consequently, portions of the positive 
photosensitive resin layer exposed to light and dissolvable 
in a developer are removed and the minute irregularities 12m 
remain on the surface of the photosensitive resin layer and 
the contact holes 30 are formed in the TFT element portions 
to complete the insulating layer (FIG 4(E)) 

[0026] 

Subsequently, a conductive metal material is disposed 
on the surface provided with the minute irregularities 12m to 
form the electrode 13a (FIG. 4(E)). Usually, a metal aluminum 
thin layer is formed by using sputtering or the like. The 
aluminum thin layer is formed in a thin film having a 
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thickness such that the minute irregularities of the 
insulating layer are maintained (usually 1 um or below) . 
Therefore, the shape of the surfaces of the electrodes almost 
conforms to the minute irregular surface of the insulating 
layer. The metal aluminum layer is formed also in the contact 
holes to connect the drain electrodes of the TFTs to the 
electrodes 13a. After forming the electrode layer, the metal 
aluminum layer is patterned by an ordinary photoetching 
process to form the electrodes 13a in a predetermined shape 
of matrix (FIG. (4G) ) . 
[0027] 

The alignment films are formed on both of the 
reflective electrode substrate and the counter substrate, the 
substrates are combined together and sealed around the 
periphery thereof, and a guest-host liquid crystal or a PDLC 
is filled in a space between the substrates to complete the 
reflection-type liquid crystal display apparatus using TFTs 
elements (FIG. 2) . 

[0028] 

[Working Example] 
(EXAMPLE 1) 

(A passive matrix reflection-type liquid crystal 
display panel) 

<Reflective Electrode Substrate> 

An acrylic positive photosensitive overcoating (Optomer 
PC302 available from Japan Synthetic Rubber Co., Ltd.) was 
spread by a spin coating method (Rotational speed: 1500 rpm) 
on a flat glass substrate (Glass 7059 available from Corning 
Inc.) in a positive photosensitive film of about 1.5 um in 
thickness for forming an insulating layer 12. (FIG. 3(B)). 
Then, the glass substrate was heated at 80 "C for 60 seconds 
on a hot plate for prebaking. 

[0029] 

A ground glass plate 18 (Ground Glass #1500 available 
from Koei Kagaku K.K.) having a irregular surface was put on 
the positive photosensitive overcoating 12 with the irregular 
surface thereof in close contact with the surface of the 
positive photosensitive overcoating, and then the positive 
photosensitive overcoating was exposed to light emitted by an 
extra-high pressure mercury lamp (Power: 15 mW/cm 2 , 
Wavelength: 4 05 nm) for 3 seconds (FIG. 3C) . Subsequently, 
the exposed positive photosensitive overcoating was immersed 
in a developing solution prepared by diluting PD523AD, a 
developer available from Japan Synthetic Rubber Co., Ltd., 
11.9 times for 90 seconds for development (FIG. 3D). The' 
entire surface of the positive photosensitive overcoating was 
exposed to light emitted by an extra-high pressure mercury 
lamp (Power: 15 mW/cm 2 , Wavelength: 405 nm) for 30 seconds and 
then the positive photosensitive overcoating was heated at 
220 °C for 60 minutes in an oven for postbaking. Consequently, 
an insulating layer provided in its surface with minute 
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irregularities 12m substantially complementary to the minute 
irregularities of the ground glass plate was completed 
[0030] 

In order to form an electrode layer 13a having 
reflective function on an insulating layer, a 0.2 um thick 
aluminum layer was deposited by a sputtering process over the 
insulating layer (FIG. 3(E)). The aluminum thin layer was 
patterned by using a photomask by an ordinary patterning ' 
process to form stripe-shaped electrodes 13a so as to be set 
190 um wide electrodes at intervals of 200 um (FIG 3(F)) 

[0031] ' '' 

FIG. 7 is a graph showing a result of measuring surface 
roughness of the ground glass plate by a stylus-type 
profilometer. When the minute irregularities in the surface 
of the ground glass plate are measured in a range of 500 um 
was by means of the stylus-type profilometer (Dektak 16000 
available from Dektak Inc.), the result of measuring is 
appeared as a shape in FIG. 7. The arithmetical average Ra of 
the surface roughness of the ground glass plate was 3192 A 
jabout 0.3 pm) , and the maximum height Rmax (a distance 
between the maximum height of ridges and the maximum depth of 
valleys) was about 22,000 A (about 2.2 um) . In FIG. 7, 
indicated at R is a position (106.38 um) where the sampling 
of measured data for calculation is started and at M was a 
position (425.53 um) where the sampling of measured data for 
calculation was ended. 

[0032] 

<Counter Substrate> 

A 0.15 um thick ITO film was deposited in stripes on a 
transparent glass substrate (Glass 7059 available from Coring 
Inc.), by a sputtering process to form transparent electrodes 
to be extended perpendicularly to the electrodes of the 
electrode substrateto complete a counter substrate 

[0033] 

<Assembly of Liquid Crystal Panel> 

Alignment films were formed on both of the reflective 
electrode substrate and the counter substrate made as 
described above, the both substrates were sealed therebetween, 
and a guest-host liquid crystal was filled in the space 
between the substrates to complete a liquid crystal panel 
When the reflection-type liquid crystal panel was driven, 
white display with high visibility was achieved 

[0034] 

(Comparative Example 1) 

A sample ofComparative example 1 was fabricated by 
processes similar to those in Example 1. The insulating layer 
of Comparative Example 1 having the same material and 
thickness as the insulating layer of the Example 1 was formed 
on the reflective electrode substrate, but the exposure with 
the ground glass plate was not performed, and hence the 
electrodes formed on the insulating layer having a smooth 
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surface had specular surfaces. Other conditions for the 
fabrication of the liquid crystal display panel in 
Comparative Example 1 were the same as those for the 
fabrication of the liquid crystal display panel in Example 1. 
The electrodes having the specular surfaces reflected light 
intensely and the visibility of images displayed on the 
liquid crystal display panel in Comparative Example 1 was 
inferior to that of imagesin Example 1. 

[0035] 

(EXAMPLE 2) 

(TFT Type Reflective Liquid Crystal Display) As a 
substrate, a substrate in which TFTs matrix was formed on a 
glass (Glass 7059 available from Corning Inc.) was used (FIG. 
4(A)), and similar to the Example 1, an acrylic positive 
photosensitive overcoating (Optomer PC302 available from 
Japan Synthetic Rubber Co., Ltd.) was spread by a spin 
coating method (Rotational speed: 1500 rpm) to form a film of 
about 1.5 urn in thickness for forming an insulating layer 
(FIG. 4(B)). Then, the glass substrate was heated at 80°C for 
60 seconds on a hot plate for prebaking. A ground glass plate 
(Ground Glass #1500 available from Koei Kagaku K.K.) was put 
on the positive photosensitive film in close contact with the 
positive photosensitive film on the side of the insulating 
layer, and then the positive photosensitive film was exposed 
to light emitted by an extra-high pressure mercury lamp 
(Power: 15 mW/cm 2 , Wavelength: 405 nm) for 3 seconds (FIG 4C) 
Minute irregularities of the ground plate was the same as 
those of Example 1. 

[0036] 

Subsequently, a photomask 17 provided with a contact 
hole pattern for forming contact holes was superposed on the 
positive photosensitive resin film in close contactand the 
positive photosensitive film was exposed to light emitted by 
an extra-high pressure mercury lamp (Power: 15 mW/cm 2 , 
Wavelength: 405 nm) for 15 seconds through the photomask 17 
(FIG. 4(D)). This is for connecting the drain electrodes of 
the TFTs 11 to the reflective electrode layer formed on the 
insulating layer. Then the positive photosensitive film was 
immersed in a developing solution prepared by diluting 
PD523AD, a developer available from Japan Synthetic Rubber 
Co., Ltd., 11.9 times for 90 seconds for development (FIG. 
4(E)). Then, the entire surface of the positive 
photosensitive film was exposed to light emitted by an extra- 
high pressure mercury lamp (Power: 15 mW/cm 2 , Wavelength: 4 05 
nm) for 30 seconds, and then the positive photosensitive film 
was heated in an oven at 220 °C for 60 minutes for postbaking. 
In order to form an electrode layer having reflective 
function on an insulating layer, a 0.2 urn thick aluminum 
layer was deposited by a sputtering process over the 
insulating layer. The aluminum film was patterned by an 
ordinary patterning process to form an electrode patternin a 
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matrix (FIG. 4 (G) ) . 
[0037] 

<Counter Substrate> 

A 0.15 pm thick ITO film was deposited over a surface 
of a transparent glass substrate (Glass 7059 available from 
Coring Inc.), by a sputtering process to form a common 
electrode on the entire surface in a flat shape to complete a 
counter substrate. 

[0038] 

<Assembly of Liquid Crystal Panel> 

Alignment films were formed on both of the reflective 
electrode substrate and the counter substrate, the both 
substrates were sealed therebetween and a guest-host liquid 
crystal to which dichromatic dye is added was filled in the 
space between the substrates to complete a liquid crystal 
panel. When the reflection-type liquid crystal panel was 
driven, the liquid crystal panel achieved white display with 
high visibility. 

[0039] 

(Comparative Example 2) 

A sample of Comparative example 2 was fabricated by 
processes similar to those in Example 2. The insulating layer 
of Comparative Example 2 having the same material and 
thickness as the insulating layer of the Example 2 was formed 
on the substrate, but the exposure with the ground glass 
plate was not performed and hence the electrode formed on the 
insulating layer having a smooth surface had specular 
surfaces. Other conditions for the fabrication of the liquid 
crystal panel in Comparative Example 2 were the same as those 
for the fabrication of the liquid crystal panel in Example 2. 
The electrodes having the specular surfaces reflected light 
intensely and the visibility of image displayed on the liquid 
crystal display panel in Comparative Example 2 was inferior 
to that of images in Example 2. 

[0040] 

[Effect of the Invention] 

In a reflection-type' liquid crystal display apparatus 
of the invention, since minute irregularities are formed on 
the surfaces of electrodes, images of matters of external of 
the liquid crystal display apparatus on a viewer side are not 
specular-reflected on the surface of the electrode, so that a 
reflection of external matters is suppressed and images are 
displayed in satisfactory visibility. According to the method 
of fabricating the reflection-type liquid crystal display 
apparatus of the invention, a liquid crystal display 
apparatus having high visibility can be readily fabricated. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] A sectional view of a reflection-type liquid 
crystal display apparatus in a first embodiment according to 
the present invention. 
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[FIG. 2] A sectional view of a reflection-type liquid 
crystal display apparatus in a second embodiment according to 
the present invention. 

[FIG. 3] Sectional views explaining a method of 
fabricating the reflection-type liquid crystal display 
apparatus in the first embodiment according to the present 
invention. 

[FIG. 4] A sectional view explaining a method of 
fabricating the reflection-type liquid crystal display 
apparatus in the second embodiment according to the present 
invention. 

[FIG. 5] A view showing a contact hole of the 
reflection-type liquid crystal display apparatus in the 
second embodiment of the present invention. 

[FIG. 6] A perspective view of a section showing a 
contact hole portion of the reflection-type liquid crystal 
display apparatus in the second embodiment of the present 
invention. 

[FIG. 7] A graph showing a result of measuring surface 
roughness of a ground glass plate measured by a stylus-type 
prof ilometer . 

[FIG. 8] A sectional view showing a structure of a 
conventional monochromatic, reflection-type liquid crystal 
display apparatus. 

[FIG. 9] A sectional view showing a structure of a 
conventional monochromatic reflection-type liquid crystal 
display apparatus employing TFTs. 

[Explanation of Numerals] 

10 ' 20 Liquid crystal display apparatus 

10a, 10b, 20a, 20b Substrates 

11, 21 TFTs 

12 Positive photosensitive resin layer or 

insulating layer 

12m Minute irregularities 

13a, 13b, 231, 23b Electrodes 

14a, 14b, 24a, 24b Alignment films 

15 ' 25 Liquid crystal layers 

16 ' 26 Sealing materials 

17 Photomask 

18 Flat transparent material having 

minute irregularities 

19 ' Light source 
30 Contact hole 
m Gate electrode 

112 Insulating layer of SiN x 

113 Amorphous silicon semiconductor layer 

Drain electrode 

116 Source electrode 
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[ABSTRACT] 
[PROBLEM] 

To provide a reflection-type liquid crystal display 
apparatus, which is capable of suppressing reflection of 
external matters on a surface of electrodes and of displaying 
images in satisfactory visibility, and a method for 
fabricating the same. 
[SOLUTION] 

In a reflection-type liquid crystal display apparatus 
provided with electrodes having a reflection property on 
surfaces thereof, by depositing a reflective metal through an 
insulating layer formed minute irregularities on a substrate, 
the minute irregularities are produced on the surface of the 
electrode. As a result, external light incident is not 
reflected in a specular reflection mode, so that visibility 
of images from a viewer side is improved. The insulating 
layer is formed by forming a positive photosensitive material 
layer on the substrate, exposing the positive photosensitive 
resin layer to light through a transparent material having a 
surface provided with minute irregularities, and subjecting 
to a developing process. 
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